Chemical transformations driven by light absorption are nature's choice for executing precision chemistry. In contemporary synthetic chemistry, the benefits of the application of light 1 include its spatiotemporal controllability, 2 or the utilization of the sun as infinite light source. 3, 4 Particularly, reactions which are stimulated within the visible light regime (400-800 nm) exhibit enhanced penetration depths into soft matter materials at low energies. Therefore, such reactions are applicable in the presence of sensitive structural motifs such as those contained in biomolecules. Specifically, pyrene has proven to be a valuable chromophore for modular lightinduced reactions without the need of external additives or laser systems. 3 On the one hand, in polymer chemistry highly efficient ligation techniques triggered by light are advan-tageous for the design of complex macromolecular architectures including block copolymers 5, 6 and star-shaped polymeric species. 7 On the other hand, photoinitiators (e.g., benzoin derivatives) 8, 9 play a vital role in lithography 10, 11 and coatings as important industrial application. 12 Particularly, O-acyl oximes (or oxime esters) present versatile chemical motifs since they allow N-heterocycle formation via metal catalysis, 13 or light-induced homolytic scission of the N-O bond followed by CO 2 release (refer to Scheme 1). Their initiation characteristics were in-depth investigated, [14] [15] [16] and can be readily tuned by suitable substitution or coinitiators. 17, 18 For instance, poly (methyl methacrylate) species with pendant O-methacryloyl oxime units either undergo chain scission without suitable reaction partners, or initiate graft polymerization in the presence of monomers as a photochemical macroinitiator. 19 In contrast, the irradiation of the same photoreactive moiety incorporated into a polystyrene backbone predominantly affords unsaturated alkene groups along the polymer chain. 20 However, radicals derived from O-acryloyl oxime species incline to couple forming imine units, which are prone to hydrolysis. 21, 22 In a similar fashion, the field of so-called single-chain nanoparticles (SCNPs) is a fast-growing contemporary topic in polymer chemistry and materials science, [23] [24] [25] due to their potential application as protein mimic, 26, 27 drug carrier, 28 or catalyst. 29 Depending on the synthesis strategy, SCNP generation is classified into different approaches, i.e. the repeating unit approach, [30] [31] [32] or the synthetically more demanding selective point folding method. 33 Furthermore, SCNPs are categorized into different classes depending on the nature of the crosslinking motif. Radically induced chain collapse affords covalent bonds. Typical procedures include radical-mediated crosslinking of pendant olefinic moieties, 34, 35 metal-catalyzed atom transfer radical coupling of halogen species, 36 and lightinduced fragmentation of a bifunctional crosslinker followed by alkoxamine formation via reaction with pendant nitroxide units. 36 Other photochemical pathways for chain compaction include dimerization, 37, 38 or the utilization of light-induced generation of highly reactive species for crosslinking. 39, 40 Critically, to the best of our knowledge, there exists no example of SCNPs that exploit the combination of visible lightinduced chemistry and oxime ester derivatives to induce the formation of single-chain folded structures. Thus, we herein designed a photoreactive styrene derivative, which is tethered to a pyrene-substituted oxime ester (PyOHSty). Upon copolymerization with various amounts of styrene, three distinct copolymer species were obtained (refer to Table S1 in the ESI †). The irradiation of the polymer samples in highly diluted solution (c = 0.02 mg mL −1 ) with an LED light source (3 × 3 W, 430-435 nm, for the emission spectrum refer to Fig. S6 in the ESI †), followed by purification via precipitation in ice-cold methanol afforded the collapsed polymeric species (refer to Fig. 1 ), which were characterized by careful nuclear magnetic resonance (NMR) spectroscopy including diffusion ordered spectroscopy (DOSY) and size exclusion chromatography (SEC) in addition to optical spectroscopic investigations.
The photoreactive monomer was synthesized in a consecutive two-step synthesis. According to literature, 41 1-pyrenecarboxaldehyde was converted into the corresponding oxime derivative followed by straightforward esterification with 4-vinylbenzoic acid. After purification via column chromatography, the targeted styrene derivative PyOHSty was obtained in very good yields (95%). The 1 H NMR spectrum of PyOHSty in Fig. S1 † indicates magnetic resonances of the olefin protons at 6.81, 5.93 and 5.45 ppm. Concomitantly, the aldehyde proton is visible as a singlet at 9.55 ppm. fluorescence is detected in the range of 400 and 520 nm with a maximum at 409 nm in the fluorescence spectrum in Fig. S3B † (λ exc. = 344 nm). Subsequently, the light-sensitive monomer species was copolymerized with styrene in order to assess the behavior of the oxime ester units upon light exposure. Intramolecular crosslinking reactions of polymer chains cause changes in the hydrodynamic diameter as evidenced by SEC and DOSY experiments. Therefore, well-defined polymer species were prepared via RAFT copolymerization employing cumyl dithiobenzoate (CDB) as chain transfer agent (CTA). Table S1 † presents the conditions and results of the copolymerization process employing variable equivalents of the pyrene monomer derivative in the presence of azobisisobutyronitrile (AIBN) as initiator at 60°C.
Usually, the ratio of CTA to initiator should be kept low. However, higher amounts of initiator are necessary for the polymerizations since pyrene acts as a radical scavenger during the process. Nevertheless, the evaluation of the molar masses M n,SEC(THF) based on a polystyrene calibration affords values in the range of 17 000 to 12 000 g mol −1 , which are suitable to monitor changes in hydrodynamic diameter via SEC or DOSY NMR, and the polydispersity Đ lies between 1.15 and 1.22 indicating good control over the polymerization process. In addition, the SEC traces of CDB PS PyOHSty 1-3 depicted in Fig. 3 show a monomodal distribution of molar masses. The concomitant analysis of the 1 H NMR spectra in Fig. 2 reveals characteristic magnetic resonances in the range of 8.80 and 7.50 ppm, stemming from the pyrene unit. Furthermore, the magnetic resonance associated with the polymer-bound aldehyde proton is visible between 9.60 and 9.20 ppm. The polystyrene backbone is detected as broad magnetic resonances between 7.40 and 6.20 ppm, and 2.30 and 1.20 ppm, which are assigned to the phenyl moieties including the aliphatic backbone, respectively.
With the successful synthesis of the copolymer species, the properties of CDB PS PyOHSty 1-3 after the light irradiation were investigated. Based on the UV/Vis spectrum of the pyrenesubstituted monomer in Fig. S3A † and recent investigations on the reactivity of photosensitive moieties, 15, 42 an LED setup (430-435 nm, 3 × 3 W, refer to Fig. S6 † for the emission spectrum) was selected as light source. The copolymer species were dissolved in DCM under highly diluted conditions (c = 0.02 mg mL −1 ), and the solution was deoxygenated via purging with argon. After the irradiation of the dissolved polymeric species for 2.5 h while continuous stirring the solution, the solvent was removed under reduced pressure, and CDB PS PyOHSty 1-3 were purified via precipitation in ice-cold methanol.
The analysis of the 1 H NMR spectra in Fig. 2 and S4 † of the irradiated polymeric species indicates the disappearance of the magnetic resonances associated with the pyrene chromophore. In contrast, the magnetic resonances associated with the polystyrene backbone are still detectable between 7.40 and 6.20 ppm, and 2.30 and 1.20 ppm. As a result, upon cleavage of the oxime moiety, no recombination between the iminyl radical and the carboxyl or phenyl species is evident. Concomitantly, no magnetic resonances associated with unsaturated groups along the polymer backbone are detected. Therefore, NMR analysis suggests no H-abstraction and subsequent olefin formation as main process after the irradiation of the oxime ester units.
The SEC analysis of CDB PS PyOHSty 1 and 2 in Fig. 3 display a shift to higher retention, and therefore lower apparent molar mass compared to their pristine polymer species. M n,SEC(THF) is reduced by 9000 and 5000 g mol −1 for CDB PS PyOHSty 1 and 2, which corresponds to a reduction of 50 and 40%, respectively. Higher retention times in SEC analysis are translated into lower hydrodynamic radii, which are caused by lower molecular weights (due to the loss of pyrene units) or intramolecular crosslinking of polymer chains. Consequently, the irradiation of CDB PS PyOHSty 1 and 2 either results in chain scission or intramolecular coupling of phenyl or carboxyl radicals. In contrast, the SEC trace of CDB PS PyOHSty 3 is virtually unaltered compared to the SEC trace of the parent polymer. The presence of only approximately two photolabile units per chain explains the low probability of CDB PS PyOHSty 3 to form a collapsed chain upon light-induced radical formation. Ring formation is still possible, yet not observed. Since the SEC trace of CDB PS PyOHSty 3 does not display polymeric species at higher retention times, no chain scission of the copolymers takes place caused by radicals. As a result, chain scission can be excluded as main process for CDB PS PyOHSty 1 and 2. However, carboxyl units, which are most probably formed via H-abstraction as side reaction, interact with the material of the SEC columns resulting in broadening of the SEC traces. Further confirmation of the chain collapse is provided by DOSY NMR measurements. Applying the Stokes-Einstein equation (refer to section B.6. in the ESI †), a hydrodynamic diameter of 4.3 nm for CDB PS PyOHSty 2 in CDCl 3 is determined. After irradiation, the value decreases by 30% to 2.9 nm. The DOSY data is supported by the DOSY NMR fit data in Fig. S7 and S8, † and by the good agreement of the diffusion coefficients with each other (refer to Table S2 †).
The proposed structural units formed during chain collapse are displayed in Fig. 1 . According to the fragmentation of the oxime esters illustrated in Scheme 1, the coupling of two phenyl and carboxyl radicals affords a biphenyl and a peroxyanhydride motif as crosslinking unit. The reaction between the aforehand mentioned radicals generates a phenyl ester bond.
Importantly, the herein established radical formation process is self-reporting via luminescence, i.e., the folded state is quenched, while the luminescence of the exited states in the folded polymers does luminesce in the open chain. The UV/ Vis and fluorescence spectra are collated in Fig. 4A and C. The non-folded initial polymer species CDB PS PyOHSty 1 and 2 display an absorbance between 320 and 420 nm with two maxima at 365 and 395 nm stemming from the pyrene unit, in a similar manner as for the corresponding pyrene monomer. Therefore, the intensity of the absorbance is lower for CDB PS PyOHSty 2 due to a lower content of the chromophore. However, after irradiation and purification, the optical properties caused by the presence of pyrene are not detectable anymore. Instead, merely a weak absorbance for the phenyl groups of the polystyrene backbone is visible between 250 and 300 nm. Further fluorescence spectra in Fig. 4B and D indicate characteristic monomer (between 375 and 460 nm) and excimer fluorescence (between 460 and 675 nm) of pyrene units upon irradiation with λ exc. = 344 nm. Due to a higher loading of the chromophore, the excimer fluorescence is more pronounced for CDB PS PyOHSty 1. After the chain compac- tion induced by light irradiation, the intensity of the fluorescence is significantly reduced (refer to dashed line in Fig. 4B and D) . The combined results of the UV/Vis and fluorescence spectroscopy support the light-induced fragmentation of the oxime ester units releasing pyrene, and exclude the recombination of iminyl radicals and the polymer backbone.
In summary, we introduce a mild light induced methodology for single chain collapse based on radical species by employing visible light activation within the range of 430 nm. Specifically, a novel photoreactive monomer with a pyrenesubstituted oxime ester moiety was designed and copolymerized with different amounts of the photoreactive unit. Subsequently, this polymer scaffold, which critically expands the field of visible light-sensing self-reporting systems, was collapsed exclusively to SCNPs in highly mildest and efficient way leading to a substantial reduction in size with regard to the decrease in hydrodynamic volume and required reactive unit. The formation of the SCNPs was carefully confirmed using spectroscopic techniques such as 1 H and DOSY-NMR, UV/Vis and fluorescence spectroscopy as well as SEC. Importantly, we submit that due to their fluorescent features fused with the use of visible light, the photoreactive pyrene-substituted oxime ester moiety presents a valuable novel visible light reactive compound, which further has the potential to be examined, for example, as polymerization initiator, radical catalyst or handle for network formation.
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